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TECHNICAL MEMORANDUM 


lECM CALIBRATION AND DATA REDUCTION 
REQUIREMENTS 

I. INTRODUCTION 


The main purpose of tliis document is the presentation and explana- 
tion of the Induced Environment Contamination Monitor (lECM) tape 
recorder format as it relates to the lECM instrument output of meaningful 
data. This document will be constructed logically from the lECM tope 
recorder format of experiment data. The main sources of information for 

tliis document were NASA TM 78193^ and a series of seven memoranda to 
R. Mall of tile Computer Services Office (AH22), Marshall Space Flight 
Center (MSFC)^ 

1) T-QCM Data Reduction Requirements, July 19, 1979. 

2) Data Reduction for lECM Instruments Cascade Impactor and 
Camera Photometer, July 23, 1979. 

3) Data Reduction for lECM Instrument Optical Effects Module, 

July 24, 1979. 

4) Data Reduction for lECM Instrument Air Sampler, Humidity 
Monitor, and Dew Point Hygrometer, July 25, 1979. 

5) CQCM Data Reduction Requirements, August 17, 1979. 

6) Mass Spectrometer Data Reduction Requirements, October 31, 

1979. 

7) Housekeeping Data from the lECM, February 8, 1980. 

The lECM tape recorder format will be discussed extensively in the 
beginning of this document, followed by a discussion of the individual 
experiments integrated into the IHCM framework. 


1. An Induced Environment Contamination Monitor for the Space Shuttle 
(Edgar R. Miller and Rudolf Dcchcr, eds.), NASA TM-78193, 

August 1978. 



II. lECM TAPE RECORDER FORMAT 


The lECM tape recorder format is displayed in Figure 1. The format 
consists of n block record before it repeats itself. A block record contains 
a 12-byte (or more) leader and 1 to 40 frames composed of 134 bytes each. 
Each frame will contain data from an individual experiment. 

A byte is a data word consisting of eight bits. A bit is a number 
that has the value "0" or "1”. An example of a byte in a data format is: 


1 0 1 0 1 0 I 0 . 


A byte is usually read from right to loft. In reading a byte to obtain a 
useful number to represent tlatn consider the following table: 


8 7 

6 

5 

4 

3 

2 1 

2^ 2® 

2^ 

2^ 

2« 

2^ 

2^ 2° 


If the extreme right bit is "0," then it represents the number zero. 

If the extreme right bit is "1,” then it represents the number 2® = 1. 

If the second bit is "O," then it represents the number zero. If the 

second bit is ”1," then it represents 2^ = 2. Proceeding, one can see 
that if all the bits in an 8-bit word, or byte, are zero, this would repre- 
sent the pure number zei’o. If all the bits in an 8-bit word are one, 
this would represent the pure number 255: 


00 

7 

6 

5 

4 

3 

2 1 

2^ 

2® 

2^ 

„4 

C, 

2^ 

22 

2^ 2® 

128 

64 

32 

16 

8 

4 

2 1 


The number 255 was obtained by adding J. + 2 + 4 + 8 + 16 + 32 + 64 + 

128 = 255. Therefore, any pure number between 0 and 255 can be gen- 
erated by the appropriate arrangement of bits in an 8-bit word. Examples 
are as follows: 
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12 BYTES 


8 BYTES 


126 BYTES 


4.0 lECM TAPE RECORDER FORMAT 


LEADER FOR 
NEXT BLOCK 


LEADER 16H 

LEADER 16H 

LEADER 16H 

1 i 

1 1 

1 

LEADER 16H 

SYNC 56H 

SYNC A5H 

SYNC A6H 

FRAME ID (SEE NOTES) 

MISSION TIME LSW LSB 

MISSION TIME LSW MSB 

MISSION TIME MSW LSB 

MISSION TIME MSW MSB 

, EXPERIMENT DATA , 
(SEE NOTES) ' 


1 - 30-79 

kWC 

REVISED 

1 - 2-79 

RWC 


11 - 20-79 

CWO 


FRAME 


BLOCK 

(RECORD) 


(1-40) FRAMES 


Figure 1. IFCM tap recorder format. 
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00110010s 50 
10101100= 172 


Quite often the information contained in an 8-bit word can be represented 
in hex notation, which is a simpler way to dump inforniation or store it, 
Hex notation has the automatic feature of being able to condense large 
volumes of information. Imagine an 8-bit word broken down to two 4- bit 
words. Consider the following representation of all possible bit combina- 
tions in a 4-bit word: 

0 0 0 0 = 0 
0 0 0 1 = 1 
0 0 10 = 2 
0 0 11 = 3 
0 10 0 = 4 
0 10 1 = 5 
0 110 = 6 

0 111 = 7 

1 0 0 0 = 8 
10 0 1 = 9 
1 0 1 0 = A 
I 0 1 1 = B 
1 1 0 0 = C 
1 1 0 1 = D 
1 1 1 0 = li 
1 1 1 1 = F 

Now suppose it is desired to represent the 8-bit word 

0 1 0 0 I 0 1 1 0 
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in hex notation. Divide the 8~bit word into two 4-bit words with an 
imaginary line, illustrated by the dashes. The hex notation for the left 
side is "4" and the hex nototion for the right side is "6". Therefore, 
the entire 8-bit word can bo represented in hex notation as "46", 

Consider the hex nototion "4C". What would the 8-bit word be? 
From the table form 


4C - 01001100 


The number formed from this would be 76. With tliis explanation, the 
12 -byte leader for the block data of the tape recorder format in 
Figure ll-l can be explained. Fach of the first 12 bytes would have a 
hex configuration of 16; i.c. , 


16H =00010110 . 


The computer's identification of 12 bytes of data in a row, as in the pre- 
ceding from the tape i*ocorder format, defines the beginning of a block 
of data consisting of 1 to 40 frames. 

The question arises; How does one know when a frame of data has 
begun? There are throe sync bytes (woi’ds) that follow the format order 
1, 2, 3; they are, respectively, 56H, A5H, and A6H: 


56H = 0 1 0 1 0 1 1 0 
ASH = 10100101 , 

A6H =10100110 . 

Tlie next logical question concerns identification of the frame con- 
taining the data for a particular experiment. Tliis is accomplished in the 
fourth byte (word) of a frame. 

The identifications are; 

00000001 = OlH Tempcratui’c-controlled Quartz Cx’ystal Micro- 

balance (TQCM) Data 

00000010 = 02H Ci’yogcnic Quartz Crystal Microbalance (CQCM) 
Data 

0 0 0 0 0 0 1 1 = 03H Optical Effects Module (OEM) Data 
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OOOOOlOO 

00000101 

00000110 

OOOOOlll 

00001000 

00001001 


34H Air Sampler Data, Humidity Monitor, and 
Dew Point Hygrometer 

0511 Camoi‘a Current Data 

06H Camera Voltage and Thermistor Data 

07H Cascade Impactor Data 

OSH Mass Spectrometer Data 

09H Temporuturo Sensor Data (Housekeeping) 


The next four bytes in a frame comprise the lECM mission time. 
The lECM mission time recorded on the tape recorder format, before the 
data sets are recorded within the frame, is the time resolved to 1 min of 
the last data set in that frame. Consider the following extract of the 
lECM mission time from a frame of data: 


1 

MISSION TIME LSW LSB 

2 

MISSION TIME LSW MSB 

3 

MISSION TIME MSW LSB 

4 

MISSION TIME MSW MSB 


If all bits are "0," the time is zqvo. Mission time is calculated by reading 
the bit numbers from right to left, starling with byte 1. For instance, 
if byte 1 contained all "Is" and bytes 2, 3, and 4 contained all "Os," the 
lECM mission time would read 255 min, If there were all "Is" in bytes 
1 and 2 and all "Os" in bytes 3 and 4, the lECM mission time would read 
65,535 min. 

Following the mission time, there are 126 bytes available for experi- 
ment data to be recorded in that particular frame. Each lECM experiment 
has, as a general observation, a different number of bytes per data set. 
One data sot is as long as 25 bytes (TQCM) , and another data set is as 
short as 2 bytes (Mass Spectrometer), Programmed into each experiment 
internally is a data rate. In many cases it will bo necessary to know the 
data rate per lECM experiment. It could be (us in one mode of operation 
of the mass spectroaietcr) as small as 0.2 sec. The lEGM clock is accurate 
in resolution to only 1 min. Tlierefore, it may be necessary to interpolate 
between time readings of 1 min by taking account of the data rate in cases 
where more accurate time resolution is needed. In some cases it may not 
be possible to get more than a few seconds time resolution in interpolation. 
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Xhe i*omalndcr of tWs docuniont adclrosses the individual experiment 
data that fill the reamlning' 126 l)ytos of tlie 134 bytes that compose a 
frame. 


The discussion so far has covered the Orat eight bytea of a frame. 
Three bytes identify the formation of a frame, one byte identifies the 
particular experiment whose data fills the frame, and four bytes identify 
the time of entry of the last data sot in a frame resolved to the nearest 
minute. 
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III. TQCM DATA REDUCTION REQUIREMENTS (OlH) 


As a lasis for beginning* discuHsion of the data reduction require- 
ments for the TQ<H\i, refer to Figure 2, 

Consider the status byte; reading from right to left: 

TED #5 ON; "0" means not on. 

, TQCM START COUNT is on; "0” means not on. 

, TEMP SELECT 1 (+ 8 OOC) is on; >'0" means not on. 

, TEMP SELECT 2 (+30'>C) is on; "0” means not on. 

, TEMP SELECT 3 (QOC) is on; "0" means not on. 

, TEMP SELECT 4 ( •30»C) is on; "0" means not on. 

TEMP SELECT 5 (~C0‘’C) is on; "0" means not on. 


R; 

»1' 

S; 

"1" 

T: 

"X' 

U: 

"1' 

V: 


VV: 

"1' 

X: 

"1' 

Y: 

tf |! 


In the TQCM data forniat there are three measurements from each 
of the five sensor heads to bo recorded and analyzed. 

1) Frequency: Frequency from each of the five sensor heads is 

represented by two 8“bit words. Bit configuration will generate a number 
range from 0 to 65,535. The representation of bit number to frequency 

is 1 bit number equals 1 Hz ( cycle /second) . 

2) Sensor Temperature: Tempex'ature sensors are represented by 
one 8-bit word. Bit configuration will generate a number range from 0 
to 255. Each bit number corre.sponds to a change of 0.02 V (20 mV). 
Hence, there is a voltage I’ange of 5.1 V. The temperature range of 
each sensor is from -83°C to 107°O (190°C difference). Therefore, each 
volt represents 37.255°C, and each bit (or 20 mV) equals 0.745°C. This 
assumes a linear relationship between voltage and temperature. The right 
will be reserved to change this to a polynomial if the linear relationship 

is not sufficient. 


3) Heat Sink Temperature: The information given for the tempera- 
ture sensor is applicable for measurement of heat sink temperature. 

The frequency verification ready 8-bit word is not used in data 
reduction for the TQCM. The 32-bit lECM clock word resolution is one 
bit number equals 1 min. 
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TQCM DATA FORMAT (01) 


2^ 2° r1 


BINARY 
FREQ VERIFY 
CODE 


J 


READY WHEN READ- 


B 

X 

w 

B 

0 

0 

5 



I 

I 

L 


STATUS BYTE 


FREQ 1 LSB 

FREQ 1 MSB 

FREQVER 

FREQ 2 LSB 

FREQ 2 MSB 

FREQ VER 

1 1 

FREQ 5 LSB 

FREQ 'J MSB 

FREOVER 

SENSOR 1 TEMP 

SENSOR 2 TEMP 

SENSOR 3 TEMP 

SENSOR 4 TEMP 

SENSOR 5 TEMP 

HEAT SINK 1 TEMP 

HEAT SINK 2 TEMP 

HEATSINK 3 TEMP 

HEAT SINK 4 TEMP 

HEAT SINK 5 TEMP 


1 DATA SET 
(25 BYTES) 


5 DATA SETS 
(125 BYTES) 


STATUS 

BYTE 


•TED#60N 

■ TQCM START COUNT 
TEMP SELECT 1 (+80OC). 

• TEMP SELECT 2 (+30“C) 

■ TEMP SELECT 3 (0®C) 

■TEMP SELECT 4 (-30®C) 

• TEMP SELECT 5 (-60°C) 
■THERMO-ELECTRIC DEVICES OFF 


Figure 2. TQCM data format (01) 
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Requirement 1: Designate the frequency of any particular sensor 
as F. Then the mass per unit area is computed by the relationship 


M/A = (1.56 X 10“^) F grams/cm^ 


(3.1) 


The first step will be a continuous plot for each sensor of mass/area, 
sensor temperature, and heat sink temperature versus time. Break the 
y-axis into two parts and have mass /area on the upper part ranging from 

- 92-32 

1 X 10 grams /cm to 1 x 10 grams /cm over a six-cycle semi-log scale. 

This range may vary after actual flight data levels are determined. On 
the lower part of the y-axis let temperature range from -83°C to 107°C 
on a linear scale. The x-axis will be a linear seale of lECM clock time. 
Also indieate actual calendar day and hour in universal time on the x-axis. 
On the lower part plot both the sensor temperature and the heat sink 
temperature on the scale. The plots will constitute three phases for each 
sensor combination. There will be an ascent, on* orbit, and descent phase. 
The ascent phase will last approximately 1-hr. The descent phase will 
last approximately 4.5 hr. Time will be referenced to the lECM clock, 
which will be turned on at launch. Separate plots are to be made for 
each sensor combination during each phase and labeled +x, -x, +y, -y, 

+z. Provisions should be made so that for each flight, the serial numbers 
of the TQCM controllers, sensoi’.s, heat sinks and electronics can be indi- 
cated and each axis measurement will be so identified. In the ascent and 
descent phases, each sensor combination will be recorded every 5 sec. 

For the on-orbit phase, data will be recorded each minute. 

The on-orbit phase for each sensor combination of the time scale 
per plot is to run 570 min. For subsequent flights this time may change. 
The number of plots per sensor combination per mission will vary from 
approximately 5 to 20. During on-orbit operations 570 min is the time 
taken to complete one TQCM command-temperature sequence cycle. During 
such a cycle there will be a series of commands to change the temperature. 
An indication of the command associated with each temperature change is 
requested at its approximate time on the temperature graph. There will 
be an addition to the housekeeping data that will identify the time at 
which a temperature change command is made. Additional information on 
the location and nature of this command signal will be given later. 

Requirement 2: Consider any particular sensor combination (fre- 

quency and temperature). Each sensor combination will go through a 
TQCM command-temperature sequence cycle covering four collection tem- 
peratures of +30°C, 0°C, -30°C, ~60°C, and the 80°C cleanup periods. 

For each sensor combination tabulate the following for each mission: 
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80°C 

80°C 

X®C 

X°C 

X°C 

TIME 

INITIAL 
MASS /AREA 

FINAL 
MASS /AREA 

TIME 

MASS/AREA 

CHANGE 

(Mid-point 
of 30 min 
clean-up) 

gi’ams/cm^ 

grams/cm^ 

(Mid-point 
of mass 
collection 
tempera- 
ture cycle) 

grams/cm^ 


X will tnkc on the four temperature values montioned previously MASS/ 
AREA CHANGE equals FINAL MASS /AREA minus INITIAL MASS /AREA 
(occurs over a 90-niin time span). 

Requirement 3: Construct a semi-lo(? plot (for each sensor) of the 
MASS /AREA CHANGE in the previous table versus time. Use a six-cycle 

*,0 .2 -2 

scale along the y-axis running Irom 1 x 10 grams /cm to 1 x lO 

grams /cm . Time will be in hours along the x-axis. Let the time range 
bo on-orbit time for each mission. There should be four curves on this 
graph corresponding to each of the four collection tcmpex’atures. 

Requirement 4: Construct a semi-log plot of the INITIAL MASS/ 

AREA from the tables versus time at mid-point of each 30-min cleanup. 

-9 

Use a three-cycle semi-log scale along the y~axis running from 1 x 10 

grams/cm to 1 x lO grams/cm". The time will be mission on-orbit time 
along the x-axis in hours. This will be one continuous curve for all 
80°C, 30-min cleanup periods for each sensor. Collection temperatures 
need not be labeled. 

Requirement 5: Construct a tabular listing of TIME, t, in minutes, 

TEMPERATURE, T, in <^C, and MASS/AREA; m, in granis/cm^ with annota- 
tion of commands during the heating subcycle from -60°C to +80°C. This 
table will include all data points per suboycle or 4 x (30 min) = 120 data 
points. There will be four command sequences from -00°C to +80°C. 

These command sequences will be (1) to -30°C, (2) to 0“C, (3) to +30°C, 
(4) to +80*^C , occuri’ing 30 min apart. 

Requirement 6: We are now ready to calculate the average desorp- 

tion activation energies using tiie data constructed in tabular form in 
Requirement 5. Consider the equation 


AE = RT In (T/t) In 


(3.2) 
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R and x are constants and their numerical values will be furnished later. 
The symbol t will always be 30 min (1800 sec). For illustration purposes 
consider the first heat appUcation command sequence to go from -60°C to 
-30°C. Then will be the mass at the beginning of the sequence and 

Sj, will be the mass at the end of the sequence. To calculate the value 

of T, sum up all the temperatures from the beginring to the end of the 
sequence. There should bo 30 of them. Then calculate T for the sequence 
by: 


T 


273°K + 


sum of temporatiu’os 
30 


Hence wo have all the numbers available to calculate the average desorp- 
tion energies in the four temperature ranges. Calculate them for each 
sensor combination and tabulate them according to the following table, 
identifying each as +x, -x, »-y, -y, +•/.. 


AVERAGE DESORPTION ACTIVATION ENERGIES 


riMi;*' 

(id V Id .1(1 (* 

ri.ii; 

III (• Id irr 

riMi- 

(1C Id III f 

•riMi: 

itirc Id 










a. TIME refers to cycle mid-point. 

Requirement 7: The following housekeeping data are requested; 

1) A plot of the temperatures of thermocouples near each TQCM 
head and TQCM controller as a function of time.. These temperature sen- 
sors will be selected from 14 sensors in the housekeeping data. The 
length of the graph can be confined to mission time. 

2) A plot of total pressure from tlie mass spectrometer as a func- 
tion of time for mission duration, a plot of the partial pressure of AMU 
18 as a function of time for inissiori duration. 
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3) A time-lino or printout of as many Orbiter activities as possible, 
such os door openings and closings, engine firings, water dumps, etc, 

Scales on graphs should be capable of being changed so that different 
time scales may be selected if it becomes desirable. It will be desirable 
to have the capability of selecting and graphing any data over a selected 
time span for expanded and detailed study. All commands given to the 
TQCM should be noted on the graph. 
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IV. CQCM DATA REDUCTION REQUIREMENTS (02H) 


Refer to Figure 3 as a basi.s for beginning discussion of the data 
reduction requirements for the CQCM. 


CQCM DATA FORMAT (02) 


I F2 FI R 

I 

FREQ 1 SELECTED 
FREQ 2 SELECTED 
READY WHEN READ 



FREQ 1 LSB 


FREQ 1 MSB 


FREQ 1 VERIF. RDY 


FREQ 2 LSB 


FREQ 2 MSB 


FREQ 2 VERIF, RDY 


SENSOR 1 TEMP. 


SENSOR 2 TEMP. 




FILL OH 


1 DATA SET 
(8 BYTES) I 

I 15 DATA SETS 
(120 BYTES) 


6 FILLS 


Figure 3. CQCM data format (02). 


The CQCM data set consists of eight bytes. Fifteen data sets 
(120 bytes) will fill a fratae, with six bytes loft over to bo filled with 
lioros. There are two frequency measurements that take up four bytes 
(two bytes /frequency measurement) in a d(da set. There are two fre- 
quency vox’ification and ready bytes that are not used in data I’eduction; 
they are to bo ignored. Finally, two sensor temperature bytes complete 
a data set. 

The CQCM opex’atos in the three modes of ascent, on-orbit, and 
descent. The data rate on ascent and descent is one data sot every 
5 see. The data rate on-orbit is one data set per minute. 
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The frequency calibration is the same as it is for the TQCM as 
discussed in previously mentioned memorandum No. 1 (July 19, 1979). 
The conversion of frequency to MASS /AREA is the same as for the TQCM 
as stated on page 2 of the memorandum. 

The sensor temperature calibration is us follows: As usual, each 

bit in a temperature sensor i*epresents 0.02 V (20 mV). Tv;o hundred 
fifty-five (255) maximum bits in a word of one byte repi’esent 5.1 V. 

The temperature range for each sensor runs fi’om -103°C to +37°C, a 
difference of 140°. Therefore, to calculate the temperature for a partic- 
ular sensor rending, multiply the bit number by 0.549 and add (-103) to 
this number. 

In the ascent and descent modes construct the following table for 
all data points: ® 


ASCENT (DESCENT) 


MISSION 
__ TlMlv 

11 M S 

MASS/.\UKA 

ONK 

•) 

[4'tu four 

SICNS. TK.MP. 
ONK 

'■t' 

MASS/ARHA 

TWO 

(>• 111 /enr 

SUNS. TUMP. 
TWO 

°C 







H, M, and S under mission time stand for hours, minutes and seconds. 
As stated in memorandum No. 1, tlic ascent pliaso will last approximately 
I hr. The descent phase will last appx’oximately 1.5 hr. 

Consider cciuation (2) from the memorandum: 


AE - RT in ( i/t)[l In Q . (4.1) 


This is the equation for calculating the average desoi’ption activation 
energies. It is possible (and probable) that adsoi'ption will occur in the 
operation of the CQCM. Over a pai’ticular time, t, when adsorption occurs, 
the ratio ^q/S^, < 1; i.e.. ^o’ every data point in the on-orbit 
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operotion it is requested that the average desox’ptien /adsorption activation 
energy be calculated for each sensor. K and t are constants, and their 
numerical values will be furnished later. The time, represented by the 
symbol t, will be the time between data points, X min (60 sec). The 
value of the temperature, T, will be 273°K + (the average of temperature 
at the data point under consideration and the temperature at the data 
point 1 min previous). If is the temperature from the previous data 

point and T is the temperature at the data point under consideration, 
then; ^ 


T = 273 + (T^j + Tj^,)/2 . (4.2) 

Sq will represent the muss I min prior to tl\o point under consideration, 

and will represent the mass at the point under consideration, S and 
1 o 

are proportional by the same constant to the frequency measurement. 
Hence, their ratio is calculated by taking the ratio of the frequen- 

cies at each data point. 

Before a calculation is executed with equation (4.1), a test is to 

be made on ln(S^/S_.) to determine if it is less than sero. If it is less 
o r 

than zero, then adsorption has oecurred and the resulting calculation for 
AE should be labeled "A(number)". Of course, if = 1, then AE = 0. 

For all situations where S /s„ > I, desorption has occurred and the 

kJ 1* 

resulting calculation for AE should be labeled "D(number)". 

The on-orbit data are to be tabulated to include everytliing in the 
pi’cceding table for ascent (descent) with the addition of the activation 
enei’gies. The top of the table is to bo labeled ON-ORBIT instead of 
ASCENT or DESCENT. Obsex've the preceding table and move from left 
to right. Insert the following columns: after the third column and after 

the fifth column, respectively, 


ACTIVATION 


ACTIVATION 

ENERGY (1) 


ENERGY (2) 

ergs 


ergs 

D (number) 


A (number) 

A (number) 


D (number) 


16 





Examples hfvo been placed in the columns to show the designation of 
adsorption or desorption, In order to have data to calculate the first set 
of activation energies, use the final values of the data in the ascent mode. 

For each of the three modes of operation plot a set of two graphs 
for each of the two sensoi's. A set of two graphs will consist of mass/ 
area and sensor temperature versus time on the same page. Break the 
vertical axis into two parts and have mass /area on the upper part ranging 

from 1 X 10 grams /cm to 1 x lO grams /cm over a six-cycle semi-log 

sciilo. This range may vary after actual flight data levels are determined. 
On the lower part of the vertical axis let temperature range from -103°C 
to +37®C on a linear scale. The horizontal axis will be a linear scale of 
lECM clock time. Also indicate actual calendar day and hour in universal 
time at the beginning of the lECM clock time scale on all individual gi'ophs. 
There will be three graphs of a set of two graphs for each of the two 
sensors. Each of three gruplis will range in time for whatever the ascent, 
on-orbit, and descent time is for particular mission. Provisions should 
be made so that each flight, the serial numbers of the CQCM controllers, 
sensors, and electronics can be indicated. 

The following housekeeping data are requested: 

1) A plot of the temperatures of theimmcouples near each CQCM 
head and CQCM conti’oller as a function of tiire. These temperature sen- 
soi’s will be selected from 14 sensors in the housekeeping data. The 
length of the graph can be confined to mission time. 

2) A plot of total pressure from the mass spectrometer as a func- 
tion of time for mission duration, and a plot of the partial pressure of 
AMU 18 as a function of time for mission duration. 

3) A time-line or printout of as many Orbiter activities as possible, 
such as door openings and closings, engine firings, water dumps, etc. 

Scales on graphs should be made to be changeable so that different time 
scales may be selected if it becomes desirable. It will be desirable to 
have the capability of selecting and grapliing any data over a selected 
time span for expanded and detailed study. All commands given to the 
CQCM should be noted on the graph. 
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V. OEM DATA REDUCTION REQUIREMENTS (03H) 


Refer to Figure 4 as Ji guWoline ami starting point for discussion 
of the data reduction requirements for the OEM, 


READY WHEN READ 


BCD 

MOTOR POSITItW 


*'4 


TRANSMISSION 

REFLECTION 

LAMP TEMP 

MOTOR TEMP 

HOUSING TEMP 

MOTOR POSITION & RDV 


MOTOR POSITION 8k RDV 


1 DATA SET 
(6 BYTES) 

21 DATA SETS 
t (126 BYTES) 


• Figure 4. OEM data format (03), 

A data sot Ibr the OEM consists of six bytes. Therefore, thei’O 
are 21 data sets in an OEM frame. The first two bytes of an OEM data 
set represent light transmission and reflection, respoctivoly. Also, the 
voltage range is 0 to 7 V reprosontod over a 255H)it number range. 
Therefore, 1 bit number = 27.45 mV. The third, fourth, and fifth bytes 
repi’csent lamp temperature, motor temperature, and housing temperatm’e, 
respectively. Each of these bytes ranges from 0 to 255 bit numbers cor- 
responding to the standard 0 to 5.1 V (20 mV = 1 bit number). To con- 
vert to temperatures, use 0 bits as O'^C and 255 bits us 102°C. Fifty mV 
represents a l“C change. Therefore, to obtain the lamp, motor, or hous- 
ing temperature multiply tlie bit number in the appropi’iatc byte by 0.4 
to convert it to degrees centigrade. 

The following sequence represents tlie station being observed in a 
data set: 


Sequence 

Bit Cc 

miig 

mnition 

Station 

1 

0 

0 

0 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

2 

4 

0 

1 

1 

3 

5 

1 

0 

0 

4 

6 

1 

0 

1 

5 

7 

0 

0 

0 

0 
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The bit config-ui'ation is taken from the fifth, sixth and seventh bits 
of tlio sixth byte in a data set. Thu power-on command will have a fixed 
time cycle in which it will go through the preceding sequence in 80 sec 
(+11 sec per station). Then the OEM will rest for 500 sec and repeat 
the sequence. A sequence takes up seven data sots. There are 21 data 
sets to a frame* hence, three .sequences will fill a frame. Therefore, it 
will take 1240 ..ec (20.66 min) to fill a fx*ame. Note that the first and 
last sequence are at the same station. Hence, there are six distinct 
stations . 

For the transmission channel sum the first and seventh station read- 
ings for each measurement cycle and divide by two. Store this as VTO 
if 0,5 < VTO < 0.99; otherwise, obtjfin VTO from next or subsequent 
valid sequencer. Each of the other five stations will have VTl, VT2, VT3, 
VT4, and VT5. Divide each by VTO to form ITl, IT2, ITS, 1T4, and IT5. 
For the first valid data cycle store the ratio values as TOl, T02, T03, 

T04, and T05. Each subsequent data measurement cycle will have trans- 
mission ratios Tml, Tni2, Tm3, Tm4, and Tm5. Then form the ratios 
100(T01 - Tml)/T01 - TRl, 100(T02 - Tm2)/T02 - TR2, 100(T03 - Tm3)/ 
T03 - TR3, 100(T04 - Tm4)/T04 » TR4, and 100(T05 - Tm5)/T05 = tR5. 

We will repeat this for tlie reflection channel: Sum the first and seventh 

station readings for each measurement cycle and divide by two. Store 
tWs as VRO. Each of the other five stations will have voltages VRl, VR2, 
VR3, VR4, and VR5. For each VRl, VR2, etc., subtract VRO and store 
as absolute magnitude (positive) VRll, VR22, etc. Divide each by VTO 
to form IRl, IR2, IR3, IR4, and IRS. For the very first valid data cycle 
store the ratio values as ROl, R02, R03, R04, and R05. Each subsequent 
data measurement cycle will have reflection ratios Rml, Rm2, Rm3, Rm4, 
and Rm5. Then from the ratios 100(R01 - Rml) /ROl s= RRl, 100(R02 - 
Rm2)/R02 - RR2, 100(1103 - Rni3)/R03 - RR3, 100(R04 - Rm4)/R04 = RR4, 
and 100(R05 - Rm5)/R05 « RR5. 

Two special cases to consider ax’o the 0-channel transmission and 
reflection ratios. After the first data set, designate the average of the 
two O'Channol voltages as VTOm and VROm for transmission and reflection, 
respecitvely. Then form TRO = 100 (VTO •- VTOm) /VTO and RRO = 100 
(VRO ~ VROm) /VRO. 

For the 0 channel form the following table: 


CHANNEL 0 


MT 

ITT 

VTO 

TRO 

VRO 

RRO 
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Here MT stands for mission time and UT stands for universal time. The 
time need not be more accurate than 1 min. 

For channels 1 through 5 form the following table (channel 1 used 
as example): 


CHANNEL 1 


MT 

UT 

VTl 

ITl 

TRl 

VRl 

IRl 

RRl 










Plots of all values generated in the preceding tables are requested as a 
function of time. The time will run from 0 (mission begins) to end of 
mission. Voltages will run from 0 to 7V. Intensities will run from 0 to 
I (dimensionless). Pereentile ratios will run from 0 to 100. 

Finally, plot the 1/imp tomperature, motor temperature, and housing 
temperature ns a function of mission time. The temperature scale for each 
will run from 0 to 102“C. 








VI. AIR SAMPLERS IH- aDITY MONITOR, AND DEW POINT 
HYGROMETER DATA REDUCTION REQUIREMENTS (04H) 


As a basis for beginning discussion of the data roduction require- 
ments for the Air Sampler, Humidity Monitor, and Dew Point Hygrometer, 
i*efer to Figure 5. 


PUMP SPEED 


PRESSURE 1 


PRESSURE 2 


HUMIDITY 


TEMPERATURE 


DEWPOINT 



DEW POINT CALIB 


K V 7 VgVg V 4 V 3 V 2 V 1 I 

VALVE STATUS 1-8 


1 ''ll''l0''9l 

VALVE STATUS 9-11 



1 DATA SET 
(9 BYTES) 


14 DATA SETS 
(126 BYTES) 


I 

I 

I 


I 

I 

I 


Figure 5. Air sampler data foimiat (04). 

A data set containing all of the required data information for the 
Air Sampler, Humidity Monitor, and Dew Point Hygrometer consists of 
nine bytes. Since 126 bytes constitute a data frame, there can be 14 
data sets to a frame. 

It appears that the data rate will bo six data sets per minute, or 
one every 10 see. The Air Sampler and the Humidity Monitor require this 
rate. The Dew Point Hygrometer requires data at a rate of once a minute. 
However, because the information for all three instruments goes into the 
sumo data set, the inforimition fi'om the Dew Point Hygrometer will also 
be expressed at six per minute. 

Tlie first byte in the data set is PUMP SPEED. Convert the bit 
reading to volts by multiplyi«ig the bit number by 0.02. The second and 
third bytes are PRESSURE 1 and PRESSURE 2. Convert each bit number 
to volts, agiiin by multiplying by 0.02. Call the convei’sions VI and V2. 
Then calculate the pres.sures; PI = 16.0 - (Vl/5.0 x 16.0), and P2 = 16,0 
- (V2/5.0)(16.0). 
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The fourth by to is the HUMIDITY (relotivo) measurement for the 
Humidity Monitor. 5Joro to 5 V represents relative humidity from dl to 
100%. Each bit number represents 0,02 V. Hence, each bit number 
represents 0.4% relative humidity. Multiply the bit number by 0.4 to 
obtain the required relative humidity data for the Humidity Monitor. The 
fifth byte is the TEMPERATURE measurement for the Humidity Monitor. 
Zero to 5 V represents temperature from 0°C to 100®C. Each bit number 
represents 0.02 V. Hence, each bit number represents 0.4°C. Multiply 
the bit number by 0.4 to obtain the required temperature data for the 
Humidity Monitor. 

The sixth byte is the DEW POINT measurement for the Dew Point 
Hygrometer. The dew point is represented by n temperature reading. 
Zero to 5 V represents a temperature range from -6.7®C (20®F) to 26.7°C 
(80°F1, Each bit number represents 0.02 V. Hence each bit number 
represents 0,1336°C (0.24°F). Multiply the bit number by (0.1336) and 
subtract 6,7 to obtain the required dew point in °C. Multiply the bit 
number by 0.24 and add 20 to obtain the required dew point in °F. The 
DEW POINT CALIB byte is the seventh byte. Convert the bit number 
to volts by multiplying by 0.02. This is the required calibration informa- 
tion in volts. 

Bytes 8 and 9 are an indication of the open and closed status for 
11 valves in the Air Sauiplor system. Their locations are indicated in the 
format, For valves 1 through 3 and 6 through 11 a zero bit means the 
valve is closed and a 1 bit moans the valve is open. For valves 4 and 
5 a 0 bit means the valve is open, and a 1 bit moans the valve is closed. 

Output a data set for the Air Sampler in the following format: 


TIME ” 

PUMP 

SPEED 

(VOLTS) 

PRESS 1 
(PSD 

PRESS 2 
(PSD 

PRESS 2 " 
PRESS 1 
(PSD 

VALVl 





Open/ 

Closed 

VALV2 

VALV3 

VA1.V4 

HERS9IH 

VALV6 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 

VALV7 

VALV8 

VALV9 

VALVIO 

VALVll 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 

Open/ 

Closed 
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Time will be mission time in minutes interpolated to every 10 seo 
since the data rate is six per minute. Express the time as two numbers, 
such os lOM and lOS, which would road 10 min and 10 sec, meaning 
10 min and 10 sec after the mission has begun. 

Output a data set for the Humidity Monitor and Dew Point Hygrometer 
in the following format: 


Time 
Min /Sec 

Temperature 
(°C) (°P) 

Humidity 

(%) 

Dew Point 
(°0) (®F) 

DP CaUb 
(V) 







Again, TIME is mission time interpolated to the nearest 10 sec. 
Express the temperature in Centigrade and Fahrenheit. Use the formula 
°F = (9/5) (°C) + 32 where necessary. Finally, plot humidity and tem- 
perature versus time on one plot and dew point and temperature versus 
tiaie on another plot. In fact, make four gimphs because these instru- 
ments operate only on ascent and descent. On two of the graphs the 
time range will bo mission time during ascent. On the other two the time 
range will bo mission time during descent. Temperature will range fi’om 
0°C to 100°C. Relative humidity will range from 0% to 100%. Dew point 
will range from -10®C to +30°C. 









VII. CAMERA PHOTOMETER DATA REDUCTION 
REQUIREMENTS (05H nnd 06H) 


As a basis for beginning discussion of the data reduction require- 
ments for the Camera Photometer, refer to Figure 6. 

CAMERA 1 CURRENT '1 ioaIaSET ” 

CAMERA 2 CURRENT (2 BY^TES ) 

63 DATA SETS 
(126 BYTES) 

I 

CAMERA 2 CURRENT ~1 


CAMERA VOLTAGE, THERMISTOR DATA FORMAT (06) 

1 DATA SET 
(4 BYTES) 


31 DATA SETS 
(124 BYTES) 


2 FILLS 


' CAMERA 1 VOLTAGE 
CAMERA 1 THERM 
CAMERA 2 VOLTAGE 
CAMERA 2 THERM 


FILL OH 


Figure 6. Camera current data format (05). 

In the Cameru-Photoincter experiment the nomenclature for the 
camera current data format is changed to Integrated Photometer Output 1 
and Integrated Photometer Output 2. The data rate is one data set every 
2 s. Construct a table as follows: 

Resolve mission elapsed time and universal time as accurately as 
possible to days, hours, minutes, and seconds. The bit numbers for 
IPO-1 and IPO-2 arc converted to volts by multiplying each bit number 
by 0.02 (20 mV). 
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(TIMIO 


TABLH A 


MET 

(1)-I1-M»S) 

UT 

(D H M-S) 

IPO 1 

IPO “2 






It isi iluHirud to uonvcu’i tlu' IntogTiitod Pholomotor Output voltap-os 
into photometric! units. The Intopmtod Photoinotor Output voll;i|;’o,s aro 
dosignatod ll’0»l and IPO 2 I’oi* Camera Photometers 1 and 2. Photomc^trie 
units for each camera will bo nornmlizod to solar brif?htnoss, and a plot 
of background brightness versus time is I’equosted for each camera. 

The conversion to photometric units and backgi’ound brightness 
will involve the following computational steps: 

1) Consider the first data point for IPO 1. Perform a computation 
for IPO-l to test if it is greater than zei’O. If IPO-l is gTeater than zei*o, 
initiaUzo an exposure time tl =- 0 coineidcntly for IPO-l. After tl is set 
0(1 ual to zei'o at the first encounter of IPO-l ^ 0, tl is updated by 

tl + 2.0 for each successive nonzero value of IPO-1. This update con- 
tinues until the next IPO 1 = 0 is encountered. Then tl is updated by 
2.0 sec for the final time of the soc]uonce coineidcntly with the first 
lPO-1 0 after a sequence of non zero IPO-l's. In normal operations the 
maximum possible exposure time, tl, is 150 sec. Hence, the exposure 
time tl will always bo such tliat tl < 150 sec. 

2) A universal time (IIT) will bo associated with the midpoint of 
the exposure time tl. Using the information fi*om lECM clock time, UT 
when the lECM clock is started, and the data rate, detei’mino ns accmmtely 
as possible the UT associated with the midpoint of the exposure time, tl. 
Call it UTl. 

3) Associate with the previously computed exposiu’e time, tl, the 
lust lPO-1 voltage greater than zero in the previously described sequence. 
Call it VI. 
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4) Calouluto the bnckground brightness in terms of solar brightness 
using the following formula: 


B1 = (1.1145CK 12) (Vl/tl) 


5) Finally, form a data sot from all of the preceding values with 
the background brightness in terms of solar brightness and the universal 
time, UTl: (Bl, UTl). 

Repeat the preceding steps independently for IPO-2 to form a data 
sot (B2, UT2). Continue this process sequentially through all of the data 
for a mission and form the following table: 


TABUv B 


UTl 

(D-ll-M'S) 

Bl 

BBH 

UT2 

(1)11 M“S) 

B2 

BBR 






Make two plots for the data in Table B. One plot will be the mission time 
in terms of universal time along the horizontal axis and background bi’ight- 
ness along the vortical axis ibr IPO-1 data. The other plot will be a sim- 
ilar plot for IPO-2 data. 

Consider the camera voltage, thermistor data format. One data set 
consists of Camox’a 1 voltage, Camera 1 tomporaturo and Camera 2 voltage, 
Camera 2 temperature. Tlic data rate is one data set every 10 min. Con- 
struct the following table: 


TABLE C 
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Hesolvo the mission elapsed time and universal time to days, hours, 
and minutes. Th.o bit numbers for high voltage 1 (HV-t), temperature 
monitor 1 (TM-1), HV-2, and Ti\b 2 are converted to volts by multiplying 
each bit number by 0,02 (20 mV). is not necessary to note on/off. 
The Camera Photometer is on during on-orbit operations and off during 
ascent and descent. 

The temperature in degrees Centigrade and degrees Puhronheit for 
Camera 1 and Camera 2 is calenlated by the following formulas: 


°C = 101.087 * VTM - 215.277 


op = 180.388 * VTM 352.723 


VTM refers to the voltage for either TM* 1 or TM-2. 
be placed in Table C as indicated. 


These values are to 


From Orbiter housekeeping data construct the following table: 


TABLE 1) 



As in Table A, resolve the time to days, hours, minutes, and 
seconds, if possible. AI.PIIA is the right ascension of the pointing direc- 
tion of the X'axis in degrees (as accurately as posvsiblo); DELTA is the 
declination of the pointing direction of the z-axis in degrees (as accurately 
as possible); THETA is the solar depression angle as obsei’ved from the 
spacecraft in degrees (as accurately as possible) . Further clarification 
of tl ese terms will be furnished later. 

Finally, construct a table of events (such as water dumps, attitude 
change, engine burn, etc.): 
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TABriS E 


MET 

UT 

EVENT 





Rosolvo the tiino an ncourutcly iw possible. 
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VIII. CASCADE IMP ACTOR DATA REDUCTION 
REQUIREMENTS (07H) 


As a basis for beginning* discussion of the data reduction require- 
ments for the Cascade Impactor, refer to Figure 7. 


CHANNEL 1 LSB 




CHANNEL 1 MSB 

CHANNEL 2 LSB 

CHANNEL 2 MSB 

1 DATA SET 

tn Bwveok 

CHANNEL 3 LSB 

\Q DT 


CHANNEL 3 MSB 

IS DATA SETS 

/19A nvrrc^ 

CHANNEL 4 LSB 



CHANNEL 4 MSB 



FILL OH 


6 FILLS 


Figure 7. Cascade impactor data format. 

Consider any frame of data for any lECM experiment. The lECM 
mission time, recorded on the tape recorder format before the data sets 
are recorded vvitlun the frame, is the time resolved to 1 min of the last 
data set in that frame. Therefore, in calculating the time associated with 
data sets prccodiiig“the last data set, it would be necessary to woi*k back- 
ward fi*om the recorded frame time, using the data rate associated with 
tins particular experiment. 

The Cascade Impactor data set consists of eight bytes. These 
eight bytes represent four beat frequencies. A beat frequency is repre- 
sented by two bytes. The conversion used for the TQCM and CQCM is 
the same for the cascade impactor frequencios: i.e., one bit number 
= 1 llz (cycle /sec). 

From tlic tape recorded format make the identification that beat 
frequency 1 comes over channel 1, bent frequency 2 over channel 2, etc. 
Extract the CQCM baseplate temperature and construct a table in the 
following format: 
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FREQUENCY (Hz) 


TIME 

TEMP 

1 

2 

3 

4 








Convert the time to days, liours, minutos, and seconds if possible. 
Three different tables should be constructed for the thi*oe modes of ascent, 
on-orbit, and descent. Conversion factors will bo furnished in a memo- 
randum on the CQCM on tlie conversion from bit numbers to de^*ees 
Centigrade. The data rate is six data sets per minute on ascent and des- 
cent and one data set per minute on-orbit. 

Plots of each of the beat frcciuencies and CQCM baseplate tempera- 
ture are requested as a function of time. The frequencies can be placed 
on one graph and the temperature on another graph. Make three different 
graphs for each of the three modes of operation. Construct the scales 
such that time (along x-axis) is ascent, on-orbit, and descent time. Fre- 
quencies will be best represented on a linear scale fi’om 0 to 4000. The 
tempoi’ature range will be whatever the CQCM temperature range is. In 
addition, plots of the altitude in kilometers and the payload compartment 
prossui’c in pounds per square inch versus mission time are requested 
from the Orbiter housekeeping data. 
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IX. MASS SPKCTHOMBTFH DATA REDUCTION 

requirements (08H) 


Refer to Figure 8 an a basis for beginning Uiscupsion of the data 
reduction requirements for the Mass Spectrometer. 

i 


WORD 2 


WORD 1 

1 DATA SET 

WORD 2 

(2 BYTES) 

1 




63 DATA SETS 
(126 BYTES) 


Figure 8. Maas spectrometer data format. 


The mass spectrometer data set consists of two 8=bit words (or two 
bytes). In a frame of information 126 bytes are available for data. 
Therefore, 63 data sets of mass spectrometer data will fill a frame. Each 
bit in a data set for tlio mass spectrometer is very meaningful. Therefore, 
a sequential explanation of each bit in a data set will follow, starting with 
the most significant bit of word one or byte one. 

Bit 1 is a synchronization bit. It is to bo interrogated for each 
data set to determine if its value is zero or 1. Normally it will be zei-o 
and be directly related to an atomic mass unit. When the sync bit is 1, 
the mass spectrometer data system has recycled. 

Bits 2 and 3 of word 1 from each data sot will be combined sequen- 
tially until an 8-bit word is formed. Hence, four sequential data sets 
will form an 8-bit word. This is interpreted as an analog measurement. 

As an e.<ample, a noninterruplcd sequence of 320 data sots would map 
into 80 analog measurements. The most significant bit is first on the 
left, and the least significant bit is last on the right. 

Bits 4, 5, 6 and 7 of word 1 from each data set will determine the 
exponent of an expression to be discussed for a term referred to us the 
mass count. Bit four is the most significant bit of the exponent, and 
bit 7 is the least significant bit of the exponent. As an example, if bits 
4, 5, and 6 are zero and bit 7 is 1, then the exponent is 1. If bit 4 is 
1 and bits 5, 6 and 7 are zero, then the exponent is 8, 
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Bit 8 of word 1 (iiul all of word 2 of a data set form a 9 l)it expres- 
sion for a term that will bo referred to as tlic fraction. Bit B of wt>rd 
1 is the most significant bit of tlic fraction, and bit 8 of word 2 is the 
least significant bit of the fraction. 

Cull the bit value of the fraction FUAC, Call the bit value of th,c 
exponent EXP, bet the muss count bo abbreviated MC. Then 


MG “ (FRAG + 512) * 2 ** (EXP“1) 


(9.1) 


Tlie maximum value of the FRAG is 511. Tl\e maximum value of the EXP 
is lb. Ilenco., the largest viUuo for the mass count is 


MG = (1023) * 2 H 10. TOO. 823 


(9.2) 


One exception to eciuation (9.1) is the ease fur which lAI* <>. I h.ui 


MC = FRAG 


(9.3) 


The normal mode of qporation will be for the lECM data acquisition 
.system (DAGS) to intorroguto the Mu.ss Spectrometer every 2 sec. There- 
fore, the normal data rate for a 2-word data set is 2 sec, i.e. , one data 
set every 2 sec. There is also a fast- sweep mode of operation of 0.2 sec 
for the lECM data acquisition. The DAGS will intei-rogatc the Mass Spec- 
trometer every 0.2 sec. Therefore, in the fast mode of operation the 
data rate for a 2-word data sot is 0.2 sec, or one data set every 0.2 sec. 

Let us now classify a data acquisition operation that will be referred 
to as a data sweep. The purpose of the Mass Spet!troi.u>ter i.*, to r.ic.isure 
the molecular environment around Spacolab. To do this it will .sfxiuentially 
swoop through a range of atoaiic mass units from 1 to 150. Furthermore , 
an additional sweep identical to the first sweep will follfuv aiul will cjvncen- 
trate uniquely on atomic mass unit 18, i.e., H„0 (water). There will 

normally bo 160 data sets per swoop. Agtiin, the first swcni' will l<o 
sequentially through the atomic mass units from 1 to 150. To compUde 
160 data sots, AMU 28 branches into 28-8, 28 6, 28-4, 28 2, 0. 28i2, 

28+4, 28+6; in addition, there will be CALIBRATE, TOTAL and ZERO. 

Tlie second sweep will concentrate only on water. 

Tliorc is an abbreviated sweep mode that will be used for time 
resolution during a gas calibration seciuence. This abbreviated sweep 
will contain approximately 60 data sets. 
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The Maas Speetromoter will operate on on-orbit only* At first 
turn-on of the instrument the <iatu arc unsynchronized . Therefore , check 
bit 1 (most significant bit, MSB) of word 1 until a "1” is found. Then 
the “sync pulse" will have occurred and a data sweep will have begun, 
with synchronized data to follow. 

If the instrumentation of the Mass Spectrometer works as expected, 
in the normal mode of operation, 319 data sets should follow the data set 
with the sync bit before another complete data cycle would start. The 
start of a data cycie is expi’esscd by a “1“ in the MSB of word 1 of a 
data set. A data cycle swoops through AMO from 1 to 150 and water. 

Recall that four sequential sets of data create an analog word. The 


headings 

for these analog 

words are: 




Analog 




S^nejm 

Word No. 

AMU 

Analog Heading 

1 


Zero 



0,0,0, 0 

1 

001,002.003,004 

(4) 

Power Monitor 

0,0, 0,0 

0 

4U 

005,006.007,008 

(8) 

Analog Mass 

0,0, 0,0 

3 

009,010,011,012 

(12) 

Power Monitor 

0,0, 0,0 

4 

013,014,015,016 

(16) 

Power Monitor 

0,0, 0,0 

5 

017,108,019,020 

(20) 

RFAGC 

0,0, C,0 

6 

021,022,023,024 

(24) 

Filament Current 

0,0, 0,0 

7 

025, 026, 027, 8> 8 

(28) 

Filament Voltage 

0,0, 0,0 

8 

8-6,8«4,8'-2,028 

(28) 

Multana 

0,0, 0,0 

9 

8+2,8+4.8+6,029 

(29) 

Multana 

0,0, 0,0 

10 

0,30 031,032,033 

(33) 

Multana 

0,0, 0,0 

11 

034.035,036,037 

(37) 

Anode Current 

0,0, 0,0 

12 

038.039,040,041 

(41) 

High Voltage 

0,0, 0,0 

13 

042,043.044,045 

(45) 

Electrometer 

0,0, 0,0 

14 

040,047.048,049 

(49) 

Gas Temp 

0,0, 0,0 

15 

050,051,052,053 

(53) 

ACC Monitor 

0.0, 0,0 

16 

054,055,056,057 

(57) 

Power Monitor 

0,0, 0,0 

17 

058,059,060,061 

(61) 

Gage Temp 
An Temp 

0,0, 0,0 

18 

062.063,004.005 

(65) 

0,0, 0,0 

19 

066,067,068,069 

(69) 

Oscillator Temp 

0,0, 0,0 

20 

070,071,072,073 

(73) 

15 Volt Supply 

0.0, 0,0 

21 

074,075,070,077 

(77) 

Mux Temp 

0,0, 0.0 

22 

078.079,080.081 

(81) 

Analog Mass 

0,0, 0,0 

23 

082,083.084,085 

(85) 

RFAGC 

0.0. 0.0 

24 

086,087,088,089 

(89) 

Filament Current 

0,0, 0,0 

25 

090,091,092,093 

(93) 

Filament Voltage 

0,0. 0,0 

26 

094,095,096,097 

(97) 

Anode Current 

0,0, 0,0 

27 

098,099,100,101 

(101) 

High Voltage 

0,0, 0,0 

28 

102,102,104,105 

(105) 

Electrometer 
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Analog 



Sync Bit 

'■'rurW 

Word No. 


Analog Heading 

0,0, 0,0 

29 

100,107,108,109 

(109) 5 Volt Supply 

0,0, 0,0 

30 

110.111.112,113 

(113) Ace Monitor 

0.0, 0.0 

31 

114,115,116,117 

(117) Gas Temp 

0,0, 0,0 

32 

118,119,120.121 

(121) Gage Temp 

0.0. 0,0 

33 

122,123,124,125 

(125) An Temp 

0,0, 0.0 

34 

120,127,128,129 

(129) Oscillator Temp 

0.0, 0.0 

35 

130,131,132,133 

(133) Multana 

0.0, 0,0 

30 

134,135,136,137 

(137) 15 Volt Supply 

0.0, 0.0 

37 

138,139,140,141 

(141) Mux Temp 

0.0, 0,0 

38 

142,143,144,145 

(145) RFAOC 

0,0, 0,0 

39 

146.147,148,149 

(149) Ana Mass 

0,0. 0.0 

40 

100, enUbrato, 
total, zero 

(0) Power Monitor 

0.0, 0.0 

41 

018.018,018,018 

Start repetition of all 

etc. 

etc, 

etc, 

analog headings but 
add WS for "water sweep". 
Example : 




(4) Power Monitor (WS) 

0,0, 0,0 

78 

018,018,018.018 

(145) RFAGC (WS) 

0.0. 0.0 

79 

018,018,018,018 

(149) Ana Mass (WS) 

0,0, 0.1 

80 

018, calibrate, 
total, zero 

(0) Power Monitor (WS) 

A data cycle will have been completed and 

a now data cycle will have 

started . 



The 

SYNC BIT needs to be checked 

for each data set. If a "1" 

shows up 

before 319 data 

sots have been interrogated, one of two possible 

happenings is indicated j 



1) 

The "1" has occurred around the sixtieth data sot, and an 

abbreviated data sweep has occurred. 



2) A "glitch" somovvliore in the Mass Speotroinctcr system caused 
tile system to recycle buck to zero atomic mass unit. 

It is quite possible tluit an abbreviated data sweep or a "glitch" 
may terminate or occur in tiie middle of formation of an analog measurement. 
When that happens, consider as good data only tlie analog words that have 
been completely formed in the particular data swoop under consideimtion . 

One should note that there is a bit in the housekeeping data labeled 
HI-RATE REQ. When that bit is "1", the Mass Spectrometer is in a fust 
data sweep mode of operation. 
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AU Mass Spcotromoter data on the DACS tape m*o to be output in 
tbo following format; 


Sync 

Data 


Mass 

Analog 

Analog 


Time 


Bit 

Sot No. 

AMU 

Count 

lloacling 

Count 

Hi^ 


Min 

1 

1 

Zero 

XXX 



XX 


XX 

0 

2 

1 

XXX 



XX 


XX 

0 

3 

0 

*4 

XXX 



XX 


XX 

0 

4 

3 

etc. 




Etc . 


0 

0 

4 


frrmtitimins- m.i-w 'OLMnatj 

XXX 




0 

G 

5 







0 

7 

0 







0 

8 

7 







0 

S) 

8 



XXX 




0 

20 

10 

XXX 



XX 


XX 

0 

21 

20 


, ... . - 

XXX 




0 

•)•) 

21 







0 

23 

*4 h4 

Ktu» 




Etc. 


0 

24 

23 







0 

25 

24 



,xxx 




0 

20 

on 

M ftf 







0 

27 

20 







0 

28 

27 







0 

20 

28 8 



XXX 




0 

30 

28 0 







0 

31 

28 4 







0 

32 

28 2 







0 

33 

28 




XXX 




0 

34 

284*2 

XXX 



XX 


XX 

0 

35 

284-4 

XXX 



XX 


XX 

0 

30 

284-0 

XXX 



XX 


XX 

0 

37 

20 

Klc. 


XXX 


Etc. 


0 

38 

30 







0 

39 

31 







0 

40 

32 







0 

41 

33 



XXX 




0 

42 

31 







0 

43 

35 

- 


■»*! 

r . 



0 

154 

140 

XXX 

— — ^ 


XX 


XX 

0 

155 

147 

XXX 



XX 


XX 

0 

150 

148 

XXX 



XX 


XX 

0 

157 

149 

Etc. 


XXX 


Etc. 


0 

158 

150 







0 

159 

CAL 







0 

160 

TOT 
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Sync 

Data 


Mass 

Analog 

Analog 


Time 


Bit 

Set No. 

AMU 

Count 

IJejiding^ 

Count 

Hr 


Min 

0 

161 

Zero 


xs’x-jmc-*- 

XXX 




0 

162 

18 







0 

163 

18 







0 

164 

18 







0 

165 

18 

tmimma 


XXX 




0 

314 

18 

XXX 



XX 


XX 

0 

315 

18 

XXX 



XX 


XX 

0 

316 

18 

XXX 



XX 


XX 

0 

317 

18 

Etc. 


XXX 


Etc. 


0 

318 

18 







0 

319 

CAL 







0 

320 

TOT 







1 

1 

Zero 

Start 


XXX 


Start Over 




Over 






0 

2 

1 







0 

3 

2 







0 

4 

' 3 







0 

5 

4 



XXX 





The table for Muss Spectrometer data illustrates a complete data 
cycle. As pointed out earlier, tliore normally will be 320 data sets in a 
data cycle, but either a short cycle of approximately 60 data sets or a 
recycle "glitch" could cut this short. The ANALOG COUNT in the Table 
is the bit count, which will range from 0 to 255. It is a pure decimal 
number from eight binary bits. The TIME is the lECM clock time accurate 
to hours and minutes that needs to be printed only with the last data set 
of li frame, This format will be continuous and cover all Mass Spectrom- 
eter data on the DACS tape recorder. Obviously the fast data rate can 
be observed from the TIME. 

The following concerns graplis: 

1) It is I'oq nested that each AMU bo plotted versus time for 
mission duration, By AMU it is meant the MASS COUNT for each AMU. 
Place the MASS COUNT along the left vortical axis of the plot. Place an 
equivalent pressure scale along the right vortical axis. This will be given 
later from the caHbrntion results of profUght testing. Note that there 
will be 164 graphs of full mission duration. Referring to the table for 
Mass Spectrometer data as a guide, that is ZERO, AMU's 1 to 150 plus 7 
extra for splitting AMU 28, CALIBRATE, TOTAL, another ZERO, one 
graph for 157 extra data points on AMU 18, another CALIBRATE and 

another TOTAL. The MASS COUNT scale will be a log scale from 10® to 
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7 

10 in range. There will be MASS COUNTS of zero that obviously cannot 
bo exactly located on a log scale. It is suggested that the log scale run 

from to 10^ on the graph, Then call any zero MASS COUNTS 10~^ 
on a log scale and plot them os such. 

2) It is also requested that a set of 15 higher resolution graphs 
bo plotted. These 15 graphs of MASS COUNTS for AMU's are to be 
determined (TBD) and may be changed between missions. This require- 
ment is difficult to state ; two examples are; Suppose the mission is for 
2 days. Wo wish the tiaie resolution on each graph to be 2*i hours. 

Hence, for a 2-day mission this will be 2 x 15 s 30 additional graphs. 
Suppose the mission is for 6 days. Then there will bo 6 x 15 s 90 addi- 
tional graphs of higher time resolution, 

3) A set of graphs is rcciuosted to display the analog data. This 
will display analog counts versus time for mission duration. Four analog 
channels can be plotted per graph. Since there arc 80 analog channels, 
there will be 20 graphs. The scale on the vertical axis will run from 

0 to 253. Label each curve by its analog channel, 

4. A plot of Orbiter data for the angle of the vehicle Z-axis with 
respect to tlic vehicle velocity vector versus mission time is requested. 

Also a plot of two Orbiter surface ten.peratures versus mission time is 
requested, Those requirements can be placed on the same graph, with 
each curve pi’opoxdy labeled. The Z-axis angle to velocity vector scale 
can be placed on the left vertical axis, and the tempeimture scale can be 
placed on the right vertical axis. The angle range will run from 0 to 
180 degrees. The temperature range will be furnished later. The data 
will come from Orbiter data tapes. 

These tabulations and gi’aphs will bo the first quick-look data. 
Additional charts will be requested. Certain correlations of MASS COUNTS, 
TIME, and Oi’bitcr attitude will provide calibration points which can be 
put into fairly simple equations. These equations are now being developed 
by the Mass Spectrometer supplier. Once the coefficients of the equations 
are defined by the preceding calibration, all of the mass counts can be 
transformed by the eciuations into reduced data such as Molecular Columnar 
Density. The additional data reduction x’eouiroments ai*e expected to be 
determined in the near future. 



X. HOUSEKEEPING DATA REDUCTION REQUIREMENTS (09H) 


As a basis for bo^nning discussion of the data reduction requii’e- 
nients for housekeeping- refer to Figure 9. 


TEMP SENSOR 1 
TEMP SENSO^ 
TEMP SENSOR 3 
TEMP SENSOR 4 


I I 






TEMP SENSOR 14 

ON-ORBIT 




BATTERY 1 T1 

DE-ORBIT 





BATTERY 1 T2 

LAUNCH - 






BATTERY 2 T1 

REACTUATE 






BATTERY 2 T2 

LOW POWER 






BATTERY 3 T1 

READY — 








BATTERY 3 T2 

LOW BATTERY -i 







BATTERY 4 T1 

DEPLOY 

~1 1 







BATTERY 4 T2 




SHUT. & PWR STAT. A 






: 


SHUT. & PWR STAT. B 


BATTOVERTi-MP-* 


RESET 

PRE-LAUNCH 
TO-DISCONN ‘ 
HI-RATE REQ 


I 

FILL OH^ I 


1 DATA SET 
(24 BYTES) 


5 DATA SETS 
(120 BYTES 


6 F|LLi> ^ 


F-Igure 9. Temperature sensors data format. 

A housekeeping data set consists of 14 temperature sensor bytes, 

8 buttery temperature bytes, and 2 Shuttle and power status bytes. The 
second Shuttle and power status byte uses only 5 bits of information in 
the direction from least significant bit to most significant bit. Hence, 
there are 24 bytes to a data set and, 5 data sets to a frame plus 6 fills 
to make up 126 bytes. 

The temperature sensors and battery temperatures are represented 
by the usual bit to voltage conversion for the DACS system of the lECM 
experiments: each bit number corresponds to a change of 0.02 V or 

20 mV. 
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Conskiei* any volta^ro ganei'aled from any one of tho 14 tompornture 
aonsora, which arc also refcmnl to aa t!ic haao plate tempcrnliire sensors, 
represented by a capital V. Now detlne 


A » 1252.8(V)-4GQ1.8 . (10.1) 

B - V 20 . (10.2) 

Then In degrees Fahrenheit 


llASE PbATK TKMPKHATUUF . A/1H32 (10,3) 

Now consider any of the voltages generated tVom any one of the 
eight battery temperature bytes, also to be represented by a capital V. 

Now define 


C ■ 2000(20 V) /(22000V) , (10.4) 

1) . 1/298 (In 0/3442 . (10.5) 


Then in tlegrees Fahrenheit 


llATTHHY TFMFKUA'l’URH 


(9/5KI/I) 273. 18)1412 


( 10 . 6 ) 


The data rate for tlie liousekeeping tiata is one data set per minute 
Hinee there are five data sets per frame, it will take approximately 5 min 
to fill a frame. 


.•Vt the option of the programmoj', the expressions (10.3) and (10.6) 
for the HASH PhATF TKMPEUATURl-: and the llATTKRY 'rRMPKIlATURE , 
respectively, may he used to generate tables to tabulate temperatures as 
a function of voltage over a range of 0 to 5.1 V in increments of 0.02 V. 
Tins table could then be used in a scheme to convert voltage to 
temperature. 

It has been suggested that the RAHH PLATE TEMPKRATliRR and 
the RATTERY TEMPERATURE will be better expressed in degree.s Centi 
grade rather than degrees Fahrenheit. Tlnorefore, after the calculations 
are mmle from (10.3) and (10,6), • r if a table scheme is used, convert 
to Centigrade for all tabidations and graplis. 
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Tabulate nil 14 base plate tomperatures us a function of lECM clock 

time. 


There are four battoi*ios and two battery temperature readings for 
each buttery. Average the two temperatures from each battery and tabu- 
late all battery temperatures and the average lor each battery as a func- 
tion of lECiVI time. 

Plot the 14 base plate temperatures as a function of lECM clock 
time. Put three graphs per page, stacked. Make the time axis for 
24 hours only. Tliis will mean four pages of three graphs and one page 
of two graphs. Each plot should be libeled as to the sensor it represents 
and the mode of operation, o.g., Pro-haunch, Ascent, On-Orbit, De-Orbit. 
Information will be furnished as to each sensor's location on the lECM. 

Plot the battery temperatures as a function of lECM clock time. 

Since there are four battoi’ies and three temperatures per battery, put 
throe graphs per page, stacked, which will represent the temperatures, 

Tl, T2, and TA (average of T1 and T2) for each battery on one page. 
Naturally, there will bo four pages of graphs, one page for each battery. 
I,abel each page for the battery it represents. Make the time axis for 
24 hours only. 

The maximum and minimum temperatures to be ranged along the 
vertical axes can bo determined from expressions (10.3) and (10. 6) by 
substituting the maximum and minimum values of V, namely 5.1 and 0 V, 
respectively. 

Tabulate the individual bit value for the SHUT, and PWR STAT. A 
and SHUT, and PWK STAT. H words as a function of lECM clock time. 

This tabulation should form 14 vertical columns— 1 column for lECM clock 
time and 13 columns for bits. Label the 13 columns as follows: 

SHUT, and PWU STAT. A 
(Reading from MSB to hSB) 

1. DEPLOY: Change to DE/PLOY 

2. LOW BATTERY: Shorten to LOW /BAT 

3. READY: Shorten to RDY 

4. LOW POWER: Sliorten to LOW/PIVR 

5. REACTUATE; Shorten to RE/ACTU 

6. LAUNCH; Shorten to LUll 

7. DE-ORBIT: Shorten to DE/ORBT 

8. ON-ORBIT: Shorten to ON/ORBT 

SHUT, and PWR STAT. B 
(Reading from MSB to LSB) 

4. BATTERY OVTEMP MEMORY: Shorten to BAT/OTMEM 

5. RESET: Shorten to RE/SET 

G. PRE-LAUNCH: Shorten to PRE/LUH 

7. TO-DISCONNECT: Shorten to TO/DSCN 

8. HI-RATE REQ: Shorten to HI/REQ 
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Because the data rate is once per minute, the information on the 
individual bit data will be recorded once per minute. H:jwever, it is 
expected that as a usual rule there will be little, if any, change in status 
fx’om minute to minute of operation. Hence, tabulate the status information 
only when there is a change in any one of the 13 status bits, together 
with the lECM clock time, when the change occui’s. 


* 
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APPENDIX 


The Appendix consists of a complete continuous listing of the lECM 
tape recorclei* format. 


12 BYTES 


8 BYTES 


126 BYTES 


4.0 lECM TAPE RECORDER FORMAT 


LEADER 16H 

LEADER I6H 

LEADER 16H 

1 

1 1 
1 1 

LEADER 16H 

SYNC 56H 

SYNC A5H 

SYNC A6H 

FRAME ID (SEE NOTES) 

MISSION TIME LSW LSB 

MISSION TIME LSW MSB 

MISSION TIME MSW LSB 

MISSION TIME MSW MSB 

, EXPERIMENT DATA 
(SEE NOTES) ' 

1 


1 - 30-79 

RWe 

REVISED 

1 - 2-79 

RWC 


11 - 20-79 

CWD 


FRAME 


BLOCK 

(RECORD) 


(1-40) FRAMES 


LEADER FOR 
NEXT BLOCK 



TQCM DATA FORMAT (01) 


22 2I 2® R 


BINAV>Y 
FREQ VERIFY 
CODE 




READY WHEN READ- 


0 

X 

w 

0 

0 

0 

S 

0 


I 

I 

L 


STATUS BYTE 


FREQ 1 1 SB 

FREQ 1 MSB 

FREQ VER 

FREQ 2 LSB 

FREQ 2 MSB 

FREQ VER 

1 1 

FREQ 5 LSB 

FREQ 5 MSB 

FREQ VER 

SENSOR 1 TEMP 

SENSOR 2 TEMP 

SENSOR 3 TEMP 

SENSOR 4 TEMP 

SENSOR 5 TEMP 

HEAT SINK 1 TEMP 

HEAT SINK 2 TEMP 

HEAT SINK 3 TEMP 

HEAT SINK 4 TEMP 

HEAT SINK 5 TEMP 


1 DATA SET 
(25 BYTES) 


5 DATA SETS 
(125 BYTES) 


STATUS 

BYTE 


TED # 5 ON 

TQCM START COUNT 

TEMP SELECT 1 (+80°C). 

TEMP SELECT 2 (+30°C) 

TEMP SELECT 3 (0°C) 

TEMP SELECT 4 (-30®C) 

TEMP SELECT 5 (-30°C) 

-THERMO ELECTRIC DEVICES OFF 
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NOTES: 

;rame id 


I 


01H TQCM DATA 

02H CQCM DATA 

03H OEM DATA 

04H AIR SAMPLER DATA 

OSH CAMERA CURRENT DATA 

06H CAMERA VOLTAGE AND THERMISTOR DATA 

07H CASCADE IMPACTOR DATA 

06H MASS SPEC DATA 

09H TEMPERATURE SENSOR DATA 


CQCM DATA FORMAT (02) 


F2 FI R 


FREQ 1 SELECTED | 
FREQ 2 SELECTED 
READY WHEN READ 



FREQ 1 LSB 


FREQ 1 MSB 


FREQ 1 VERIF. RDY 


FRF0 2LSB 


FREQ 2 MSB 


FREQ 2 VERIF, RDY 


SENSOR 1 TEMP. 


SENSOR 2 TEMP. 




FILL OH 


1 DATA SET 
(8 BYTES) I 

I 15 DATA SETS 
(120 BYTES) 


6 FILLS 


OEM DATA FORMAT (03) 


READY WHEN READ 

BCD { 

MOTOR POSITION 


"4 "2 "1" R 


TRANSMISSION 

REFLECTION 

LAMP TEMP 

MOTOR TEMP ” 

HOUSING TEM^ 

MOTOR POSITION & RDY 


MOTOR POSITION & RDY 


1 DATA SET 
(6 BYTES) 

21 DATA SETS 
: (126 BYTES) 
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AIR SAMPLER DATA FORMAT (04) 


PUMP SPEED 


PRESSURE 1 


PRESSURE 2 


TEMPERATURE 


HUMIDITY 


DEW POINT 




DEW POINT CAUB 


|Vs''7V6V5V4V3VjV, 


VALVE STATUS T-8 


1 ^11 V .0 


VALVE STATUS 9-11 



1 DATA SET 
(9 BYTES) 


14 DATA SETS 
(126 BYTES) 


I 

I 

I 


I 

I 

I 


CAMERA CURRENT DATA FORMAT (05) 


CAMERA 1 CURRENT 
CAMERA 2 CURRENT 


CAMERA 2 CURRENT 


1 data SET 
(2 BY^TES ) 

63 DATA SETS 
(126 BYTES) 


CAMERA VOLTAGE, THERMISTOR DATA FORMAT (06) 

1 DATA SET 
(4 BYTES) 


31 DATA SETS 
(124 BYTES) 


2 FILLS 


CAMERA 1 VOLTAGE 
CAMERA 1 THERM 
CAMERA 2 VOLTAGE 
CAMERA 2 therm 


FILL OH 
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CASCADE IMPACTOR DATA FORMAT 



MASS SPEC DATA FORMAT 
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TEMPERATURE SENSORS DATA FORMAT 


TEMP SENSOR 1 
TEMP SENSOR 7 . 
TEMP SENSOR 3 
TEMP SENSOR 4 





1 

TEMP SENSOR 14 

ON ORBIT 



BATTERY 1 T1 

DE- ORBIT 




BATTERY 1 T2 

LAUNCH - 





BATTERY 2 T1 

REACTUATE 





BATTERY 2 T2 

LOW POWER 






BATTERY 3 T1 

READY — 








BATTERY 3 T2 

LOW BATTERY -1 







BATTERY 4 T1 

DEPLOY 








BATTERY 4 T2 



- 

SHUT. & PWR STAT. A 




> 

SHUT. & PWR STAT. B 


BATT OVERTEMP 


1 DATA SET 
(24 BYTES) 


5 DATA SETS 
(120 BYTES 


RESET 

PRE LAUNCH 
TO DISCONN ’ 
HI RATE REO 


I 


FILL OH 


8 FILLS 
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